Yields
The main products for all zeolites are C 2 -C 4 olefins, as shown in Figure 1 . The main byproducts are methane and propane, which are shown below in Figure S4 . The sum of these products during 100 % conversion of methanol < 1. The remaining products are mostly C 6 + species which are retained on the catalyst as carbonaceous deposits. 
Deconvolution procedure
The deconvolution was performed by manually choosing a set of Gaussians as a first estimate, and fitting these Gaussians to the experimental data. In some cases, peak widths and positions were fixed manually in order to avoid too broad bands (FWHM > 10000 cm -1 ) to appear in the deconvolutions. The operando spectra that were selected for deconvolution were always taken at the same time in the reaction. The first spectrum of each experiment was used, as well as the first spectrum where the catalyst was deactivated (i.e. methanol conversion < 90 %). The three spectra in between were taken at 
